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57 ABSTRACT 

The casing of an arm of an articulated robot has a shell 
like structure which serves a load-bearing function and 
houses a module containing the notor unit and related 
transmission. 

9 Claims, 6 Drawing Sheets 
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ARTICULATED ROBOT 

BACKGROUND OF THE INVENTION 
The present invention relates to an articulated indus 

trial robot, that is, an industrial robot which has at least 
one articulated arm, the distal end of which has an 
articulated wrist with a plurality of degrees of freedom. 
Articulated robots are differentiated from so-called 
"cartesian' robots which have slides mounted for slid 
ing relative to each other along mutually perpendicular 
straight lines. 
More particularly, the present invention relates to an 

articulated robot of the known type which includes at 
least one first body and one second body supported by 
the first body for rotation about an axis, the first body 
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including a load-bearing structure on which a motor 
unit for rotating the second body is mounted and a rigid 
outer casing. 

In a conventional articulated robot structure, the first 
body and the second body may be constituted, for ex 
ample, by a first movable robot arm and a second arm 
which in turn is rotatable on an end of the first arm. Still 
according to the prior art, each arm essentially com 
prises the following components: a load-bearing struc 
ture, typically constituted by a steel frame, for example, 
in the form of a beam with an H-section, a motor unit 
for driving the movable part carried by the arm, the 
motor unit including at least one electric motor and one 
mechanical transmission whose support structures are 
fixed, usually by bolts, to the load-bearing frame, and a 
rigid outer casing which surrounds the structure consti 
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tuted by the load-bearing frame and the motor unit 
mounted thereon. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
articulated robot of a new design having a structure 
which is stronger and/or less bulky than conventional 
structures and which enables the manufacture of the 
robot to be rationalised and made easier and more flexi 
ble, whilst its maintenance by the user and, in particular, 
the replacement of any damaged components, is partic 
ularly quick and easy. 

In order to achieve this object, the subject of the 
present invention is an industrial robot of the type re 
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ferred to at the beginning of the present description, 
characterised in that the rigid outer casing is constituted 
by a shell-like structure which also performs the func 
tion of a load-bearing structure and has a cavity for 
housing the motor unit, the motor unit forming part of 
a module which can be separated from the shell-like 
structure and is fixed releasably thereto. 

In the robot according to the invention, each of the 
various parts of the robot has two essential basic com 
ponents: an outer shell which performs the functions of 
both a protective casing and a load-bearing structure, 
and a separable internal module including the motor 
unit and any mechanical transmission associated there 
with. . 

For example, in the case of a robot arm, on the one 
hand, the use of a shell-like structure enables an arm 
with given flexural and torsional strength to be less 
bulky or, alternatively, enables an arm of a given size to 
be stronger. On the other hand, the fact that the motor 
unit and any mechanical transmission associated there 
with are combined in a single module which is fixed 
releasably in the shell-like structure makes the robot 
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2 
quicker to manufacture and assemble since the compo 
nents of the motor and the transmission are preassem 
bled to form the module which is then inserted quickly 
in the shell-like structure and fixed thereto. Naturally, 
this procedure also affords flexibility in production 
since different modules can be preassembled and fitted 
alternatively in the shell-like structure to produce dif 
ferent possible robot configurations. From the user's 
point of view, of course, the provision of an easily 
replaceable module enables the robot to be repaired 
quickly and easily whenever one or more parts of the 
module are damaged. In fact, the entire module can be 
removed and replaced by another so that the robot can 
continue to work whilst the module which has been 
removed is repaired. 

Finally, a further advantage of the invention lies in 
the fact that the shell-like structure is an ideal applica 
tion for composite materials constituted by fibre-rein 
forced plastics which make the structure even lighter. 
According to another preferred characteristic, the 

first body has an elongate shell-like structure which is 
open at one end so that it can receive the module and 
has means (manually or automatically operable) for 
connecting the electrical circuit of the module quickly 
to the electrical supply means in the shell-like structure. 
The module preferably includes a cylindrical casing 

which houses the motor unit. 
In the case of a robot with a plurality of elements and 

arms articulated to each other in series, the invention 
can be applied to each of the articulated elements. A 
particularly advantageous application is when the sec 
ond body is the wrist of the robot and the first body is 
an arm of the robot which carries the wrist. In this case, 
according to the invention, the casing of the module 
houses the motor unit, a member driven by the motor 
unit, and the mechanical transmission between the 
motor unit and the driven member, the latter being 
supported rotatably in the casing of the module and 
having a portion which projects from a front end of the 
casing of the module and constitutes the load-bearing 
structure of the wrist so that the wrist and the module 
constitute a single unit which can be fitted in the shell 
like structure of the robot arm. 

In a preferred embodiment of the wrist of the robot 
according to the invention, the portion of the driven 
member which projects from the casing of the module 
in turn supports a further wrist portion for rotation 
about an axis perpendicular to the axis of rotation of the 
driven member, the latter also carrying a second motor 
unit for rotating the further wrist portion, and the fur 
ther wrist portion in turn supports a third motor unit for 
driving a terminal member of the robot which is rotat 
able on the further wrist portion about an axis which is 
radial to the axis perpendicular to the axis of rotation of 
the driven member and which intersects those axes at 
the same point. 
The wrist of the robot according to the invention thus 

has three motors, which rotate the wrist about respec 
tive, distinct, mutually perpendicular axes. The advan 
tage of the arrangement described above is that the 
operation of a single motor rotates the wrist solely 
about the axis controlled by that motor, without causing 
rotations about the other two axes which would have to 
be eliminated by the operation of the other motors. This 
advantage distinguishes the wrist of the robot according 
to the invention from those of the prior art, in which it 
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is always necessary to activate more than one electric 
motor in order to rotate the wrist about a single axis. 
A further problem which has to be confronted by the 

designers of articulated robots is the provision of guide 
- means for the electrical supply cables of the electric 
motors for rotating the various arms. These cables must 
be guided through the mutual articulations of the vari 
ous robot arms without the risk of the wires being 
twisted as a result of the rotations of the arms. 

In order also effectively to resolve this problem, in 
one embodiment of the robot according to the inven 
tion, the first body constitutes a robot arm the ends of 
which are articulated to a support structure and to the 
second body respectively and at least two electrical 
cables extend through the arm to connect stationary 
electrical supply means to electrical equipment in the 
second body. In this case, the invention is also charac 
terised in that the electrical cables are constituted by 
two resiliently-deformable helical cords arranged along 
two sides of the arm in a plane substantially perpendicu 
lar to the axes of articulation of the ends of the arm, 
each of the helical cords having one end portion fixed to 
the support structure on which the arm is rotatable and 
its opposite end portion fixed to the corresponding end 
of the arm so that any rotation of the arm relative to its 
support structure lengthens one of the two helical cords 
and shortens the other cord correspondingly. 
A further particularly advantageous characteristic of 

the robot according to the invention is the way in which 
the robot is mounted on a fixed support structure consti 
tuted a quadrangular-sectioned beam. According to the 
invention, the robot has a pincer-like attachment with a 
central portion and two side portions articulated to the 
central portion, the central portion being connected to 
the robot structure and the side portions being movable 
between closed positions for grasping the support beam 
when the attachment is operative, and open release 
positions. 

Preferably, the attachment also includes an auxiliary 
portion which can be fixed to the two side portions of 
the attachment when they are in their operative posi 
tions so as to define a structure which completely sur 
rounds the support beam. 
The attachment may also take the form of a slide 

slidable on the support beam which, in this case, is a 
guide beam. The central portion, the side portions and 
the auxiliary portion may have revolving means for 
engaging the guide beam. 
A further subject of the present invention is a method 

of manufacturing an articulated robot which includes at 
least one first body and one second body supported by 
the first body for rotation about an axis, the first body 
including a load-bearing structure on which a motor 
unit for rotating the second body is mounted and a rigid 
outer casing, the method being characterised in that the 
rigid casing is formed by a shell-like structure so as also 
to perform the function of a load-bearing structure, the 
shell-like structure having an open end, in that a module 
including the motor unit is assembled separately, and in 
that, after its assembly, the module is inserted in the 
cavity in the shell-like structure and fixed thereto. 
The advantages of this method of manufacture have 

already been discussed above. 
BRIEF DESCRIPTION OF THE DRAWINGS 
A preferred embodiment of the robot according to 

the invention will be described and illustrated with 
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4. 
reference to the appended drawings, provided purely 
by way of non-limiting example, in which: 
FIG. 1 is a perspective view of one embodiment of 

the robot according to the invention, 
FIG. 2 is a partially-sectioned side view of the robot 

of FIG. 1, on an enlarged scale, 
FIG. 3 is an exploded and sectioned perspective view 

of the end arm of the robot and the robot wrist associ 
ated therewith, 
FIG. 4 is a schematic view of the unit shown in FIG. 

3, 
FIG. 5 is a perspective view of a detail of the robot 

according the invention, 
FIGS. 6, 7 and 8 are schematic views illustrating the 

operating principle of the structure shown in FIG. 5, 
and 
FIG. 9 is an exploded perspective view of a detail of 

the robot according to the invention. 
DETALED DESCRIPTION OF THE 

INVENTION 

In FIG. 1 an articulated robot generally indicated 1, 
which can be used, for example, for handling objects, is 
carried by a structure 2 including a beam 3 which, in the 
embodiment illustrated, has a quadrangular-sectioned 
tubular configuration. 
A slide 4, whose structure will be described in detail 

below, is mounted on the beam 3 and supports a first 
element 5 (FIG. 2) of the robot, by means of rolling 
bearings 7, for rotation about an axis 6. The first element 
5 is rotated about the axis 6 by an electric motor 8, 
shown only schematically in FIG. 2, mounted in the 
hollow structure of the first element 5. 
The robot element 5 supports a robot arm 12, by 

means of rolling bearings 10, for rotation about an axis 
9 perpendicular to the axis 6. The arm 12 is rotated 
about the axis 9 by an electric motor 11 (shown only 
schematically) housed in the structure of the first ele 
ment 5. The distal end of the arm 12 supports a forearm 
13, by means of rolling bearings 15, for rotation about 
an axis 14 parallel to the axis 9. The forearm 13 is ro 
tated about the axis 14, by means of a mechanical trans 
mission which will be described below, by an electric 
motor 76, shown only schematically, mounted in the 
arm 12. The distal end of the forearm 13 carries a wrist 
16 (FIG. 3) with three axes of rotation 17, 18 and 19. 
The structure and arrangement of the forearm 13 and 

the wrist 16 will now be described in detail with refer 
ence to FIGS. 3 and 4. 
The load-bearing structure of the arm 13 is consti 

tuted by the casing 20 of the arm and this is in the form 
of a shell-like structure (of one or more rigidly-intercon 
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nected pieces) having an open end for enabling the 
insertion in the cavity 21 in the shell of a module 22 
which includes a wrist 16 and the respective drive mo 
tors and which is partially assembled so that it can then 
be fitted into the shell 20 in a single operation. The 
module 22 includes a cylindrical casing 23 with an elec 
trical connector 24 at one end for quick connection to a 
complementary connector 25 disposed in the cavity 21 
in the shell-like structure 20 and connected to electrical 
cables 26 leading from electrical supply means. The 
connector 24 is connected by cables (not shown) to the 
various electric motors in the module 22. With refer 
ence to FIGS. 3 and 4, a first drive unit 27 is supported 
rigidly in the casing 23 of the module 22 and includes an 
electric motor 28 and an epicyclic reduction unit 29 
which may be of any known type, for example, of the 
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type marketed by the German company Harmonic 
Drive GmbH under the trademark "HARMONIC 
DRIVE". A member 30 which is driven by the drive 
unit 27 by means of a shaft 31 is also supported in the 
casing 23 for rotation about its axis 17. The casing 23 of 
the module 22 has an external annular flange 32 with 
axial holes 33 for the passage of screws 34 which engage 
threaded holes 35 in the annular end surface of the 

6 
forms a load-bearing function and houses a preassem 
bled module including the respective motor unit. More 
particularly, the arm 12 includes a shell-like structure 52 

5 

shell-like structure 20 so as to fix the module 22 to the 
shell-like structure. Naturally, any other type of fixing 10 
may be used. The cylindrical body of the driven mem 
ber 30 has a portion 36 which projects from an open end 
37 of the casing 23 and constitutes the load-bearing 
structure of the wrist 16. The portion 36 supports a 
further portion-38 of the wrist for retation about the axis 
19 which is perpendicular to the axis 17. The portion 38 
is rotated about the axis 18 by a drive unit 39 fixed in the 
cylindrical body 30 and including an electric motor 40 
and a reduction unit 41 similar to the reduction unit 29. 
The output shaft of the motor unit 39 rotates the portion 
38 of the wrist by means of a pair of bevel gears 42, 43 
connected for rotation with the output shaft and with 
the portion 38 of the wrist, respectively. The portion 38 
is constituted by a hollow structure with a crank-like 
configuration having a distal end part 44 which sup 
ports a terminal element 45 (for example, a gripping 
member) for rotation about the axis 19 which is radial to 
the axis 18 and intersects the latter at its intersection 
with the axis 17. The terminal element 45 is rotated 
about the axis 19 by a drive unit 46 which, in the em 
bodiment illustrated, is within the body 36 and is fast for 
rotation with the portion 38 of the wrist. Still with 
reference to the embodiment illustrated, the drive unit 
46 comprises an electric motor 47 and a reduction unit 
48 which drives the rotary member 45 by means of a 
toothed-belt transmission 49 and a pair of bevel gears 
50, 51, the transmission 49 and the bevel gears 50, 51. 
being within the hollow structure of the portion 38 of 
the wrist. 
As is clear from the foregoing description, in the 

robot wrist according to the invention, the drive units 
27, 39 and 46 rotate the terminal element 45 of the wrist 
about the axes 17, 18 and 19 respectively as shown by 
the arrows A, B and C respectively in FIG. 4. The 
operation of a single drive unit rotates the wrist solely 
about the corresponding axis without causing the unde 
sired rotations about the other two axes which take 
place in known robot wrists in which, in order to rotate 
the wrist about one axis, it is necessary to operate one 
electric motor to cause the rotation and at least one 
further motor to eliminate the resulting undesired rota 
tion about another axis. 
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having a load-bearing function and housing a module 53 
including a cylindrical casing which in turn houses the 
electric motor 76 and its reduction unit 76a, The output 
shaft of the reduction unit rotates the forearm 13 about 
the axis 14 by means of a pair of bevel gears 54, 55. The 
shell-like structure of the forearm 13 is supported for 
rotation about the axis 14 by a portion 53a which forms 
part of the casing of the module 53 and constitutes an 
extension of the casing beyond the front end of the 
shell-like structure 52. 
The shell-like structure of the element 5 houses a 

module carrying the electric motor 11, whilst the elec 
tric motor 8 is housed in the structure of the slide 4 
(which will be detailed below). 
The advantages of the configuration of the various 

parts of the robot described have already been ex 
plained fully above. 
With reference now to FIG. 5, this drawing is a sche 

matic perspective view of the arm 12 of the robot, with 
its shell-like structure 52 shown in broken outline in 
order to show the parts inside that structure. As can be 
seen, along the two longitudinal sides of the arm 12 
there are two tubular protective elements 56 housing 
two electrical cables 57 in the form of helical cords 
whose ends are connected respectively to cables 58 
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A further advantage of the wrist arrangement de 
scribed above is that the module 22 can readily be fitted 
telescopically in the shell-like structure 20 with a drive 

leading from the base structure of the robot at one end 
and to cables 59 leading to the electric motors on the 
forearm 13 at the other end. The arrangement of the 
cables 56 in the manner indicated is a particularly simple 
and effective solution to the problem of avoiding any 
twisting of the cables at the articulation 9 of the arm 12 
to the element 5 of the robot. In FIG. 5, the module 53 
housed in the arm 12 is also shown only schematically in 
broken outline. The two helical cords 57 are fixed at one 
end to the cables 58. Their opposite ends 59, however, 
are connected to the structure of the arm 12. The two 
helical cords 57 are in a plane which is normal to the 
axis 9 and to the axis 14. 
As a result of this arrangement, rotations of the arm 

12 about the axis 9 lengthen or shorten each helical 
cord. FIGS. 6, 7 and 8 show this deformation schemati 
cally. FIG. 7 shows the arm 12 in an intermediate posi 
tion in which the lengths of the two cords 57 are identi 
cal. FIGS. 6 and 8 show the arm pivoted to two posi 
tions on opposite sides of the intermediate position of 
FIG. 7 which correspond to the shortening of one of 
the two cords 57 and the lengthening of the other. 
FIG. 9 is an exploded view of the structure of the 

slide 4 which supports the robot and is guided on the 
beam 3. The slide 4 has a pincer-like body with a central 
portion 60 which supports the element 5 for rotation 

55 
unit for moving the module 22 between a position in 
which it is retracted fully within the shell-like structure 
20 and an extended position. Naturally, this further 
degree of freedom increases the working capacity of the 
robot. The linear movement of the module 22 along the 
axis 17 may be achieved in any known manner, for 
example, by a screw driven by a motor in the shell-like 
structure 20 and engaging a female thread carried by 
the module 22. - 

With reference again to FIG. 2, the structure of the 
arm 12 and of the element 5 of the robot is similar to that 

65 

of the forearm 13 in the sense that each of these ele 
ments is in the form of a shell-like structure which per 

about the axis 6 and two side portions 61 articulated to 
the central portion 60 about two parallel axes 62. The 
side portions 61 are movable between open, inoperative 
positions (shown in FIG.9) and closed, operative posi 
tions (FIG. 2) in which they engage two opposite sides 
of the guide beam 3. In the embodiment shown in FIG. 
2, each of the two side portions 61 has a projecting end 
edge 61a which engages the side of the guide beam 3 
opposite that which is engaged by the central portion 60 
of the slide so as to restrain the slide on the beam. Alter 
natively (FIG. 9), an auxiliary portion 63 may be fixed 
to the end edges of the side portions 61 to form a closed 
structure which completely surrounds the guide beam. 
The central portion 60, the side portions 61 and the 
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further portion 63, if present, have idle wheels 64 which 
engage the corresponding surfaces of the guide beam 3 
to enable the slide 4 to move along the beam. 

Obviously, a configuration identical to that described 
above may be used to form an attachment for fixed 
connection to a support beam such as the beam 3. In this 
case, of course, there are no guide wheels 64. 

Naturally, the principle of the invention remaining 
the same, the details of construction and forms of en 
bodiment may be varied widely with respect to those 
described and illustrated purely by way of example, 
without thereby departing from the scope of the present 
invention. 
What is claimed is: 
1. An articulated robot comprising an elongated arm 

10 

15 
having a shell-like structure with an open end defining 
an interior cavity and a module detachably secured in 
said cavity, said module being comprised of a cylindri 
cal casing having a first axis and containing a motor, 
transmission means operatively connected to said motor 
and a driven wrist member operatively connected to 
said transmission means for rotation about said first axis, 
said driven wrist member having a projecting portion 
projecting outwardly of said casing of said module and 
said open end of said shell-like structure of said arm. 

2. An articulated robot as set forth in claim 1, further 
comprising electrical connection means in said arm for 
making quick, detachable electrical connection between 
said module and said arm. 

3. A robot according to claim 1, wherein said wrist 
member includes a further wrist portion supported by 
the projecting portion of the driven wrist member for 
rotation about a second axis perpendicular to said first 
axis, a second motor unit carried by the driven wrist 
member for rotating the further wrist portion, a third 
motor unit carried by the further wrist portion, and a 
terminal member of the robot which is rotatable on the 
further wrist portion, by means of the third motor unit, 
about a third axis which is radial to said second axis and 
which intersects said first and second axes at a commo 
point. 

4. A robot according to claim 1, including a support 
structure with electrical supply means and electrical 
equipment carried by the wrist member, said arm being 
articulated to the support structure and having at least 
two electrical cables extending through the arm to con 
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8 
nect the electrical supply means to the electrical equip 
ment in the wrist member, wherein the electrical cables 
are constituted by two resiliently extensible and con 
tractible helical cords arranged along the two sides of 
the arm in a plane substantially perpendicular to the 
axes of articulation of the ends of the arm, each of the 
helical cords having one end portion fixed to the sup 
port structure on which the arm is rotatable and its 
opposite end portion fixed to the corresponding end of 
the arm so that any rotation of the arm relative to its 
support structure lengthens one of the two cords and 
shortens the other cord correspondingly. 

5. A robot according to claim 1, wherein the arm is 
supported by an attachment member for mounting on a 
support beam, wherein the attachment member has a 
pincer-like body with a central portion and two side 
portions articulated to the central portion, the central 
portion being connected to the robot structure and the 
side portions being movable between closed positions 
for grasping a support beam when the attachment mem 
ber is operative, and open release positions. 

6. A robot according to claim 5, wherein the attach 
ment member also includes an auxiliary portion which 
can be fixed to the two side portions of the attachment 
member when they are in their operative positions so as 
to define a closed structure which completely surrounds 
the support beam. 
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7. A robot according to claim 5, wherein the attach 
ment member is slidable along the support beam (3). 

8. A robot according to claim 7, wherein both the 
central portion and the side portions have revolving 
means for guiding the sliding of the attachment member 
on the support beam. 

9. A method of manufacturing an articulated robot 
which includes at least one first body and one second 
body supported by the first body for rotation about an 
axis, the first body including a load-bearing structure, a 
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motor unit carried by the load-bearing structure for 
rotating the second body, and a rigid outer casing, 
wherein it includes the steps of forming the rigid casing 
as a shell-like structure which defines a cavity and also 
has a load-bearing function, assembling a separate mod 
ule, including the notor unit, and inserting the assem 
bled module in the cavity in the shell-like structure and 
fixing it thereto. 
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